Risk factors for coronary heart disease were compared in fifth year boys (15-16 years old) from two schools that were chosen from localities with a fourfold difference in adult mortality from coronary heart disease. One school was in an underprivileged urban locality in the area of increased incidence of heart disease ('high risk') and the other in a semirural affluent locality with an incidence of heart disease similar to the national average ('low risk'). Smoking, hypertension, hypercholesterolaemia, obesity, physical fitness, and inactivity were evaluated as risk factors for coronary heart disease. Smoking, increased body fat, poor diet, and physical inactivity were found increased among pupils from the school in the high risk area compared with those in the low risk area. Lipids, maximum oxygen uptake, and hypertension were similar in both schools. The risk of coronary heart disease seems to reflect the adult mortality rates in the area. To reduce the overall incidence of coronary heart disease, health education should be directed towards prevention of smoking, improving diets, and increasing amounts of activity among school children, with special attention directed toward children in regions where there is a high mortality from coronary heart disease among adults.
There is strong evidence that although symptoms of coronary heart disease are first noticed in adult life, the disease starts to develop during childhood, and that prevention programmes starting in childhood could reduce the death rate from cardiovascular disease.' 2 In adults, epidemiological studies have identified several factors that increase the risk of coronary heart disease. Hypercholesterolaemia, cigarette smoking, and hypertension are the three main factors,3 but others include obesity,4 poor physical fitness,5 6 and physical inactivity.7 The extrapolation of risk factors to younger age groups is speculative, but it is recognised that their identification at an early age may indicate potential candidates for coronary heart disease in adulthood. 8 In the borough of Solihull (West Midlands, United Kingdom), the 1983 standard mortality ratios (SMR) for ischaemic heart disease and acute myocardial infarction compared favourably with the national average (SMR 89 and 98, respectively).9 Mortality statistics for 1985 for people aged 50 and over within the borough of Solihull, however, identified an area with an increased death rate from coronary heart disease (2 8/100/year), compared with that of the rest of the borough (O 7/100/year), which was similar to the national average. In order to evaluate whether the risk factors for coronary heart disease in children reflect this difference in adult mortality, we have investigated and compared the prevalence of primary and secondary risk factors in fifth year boys attending a school in the locality with an incidence of heart disease similar to the national average with boys from a school in the locality with an increased incidence of heart disease.
Methods
Two schools were selected for study, one in the locality where the incidence of heart disease was similar to the national average (low risk school) and one in the locality where there was an increased incidence of heart disease (high risk school). The fifth year boys in each school were divided into two groups for their physical education lessons, and one class was randomly selected for study. As the stratification of the pupils for physical education lessons was not made on sporting or academic abilities, but by the school timetable, it was considered that these pupils would be representative of their total populations. A total of 42/45 and 46/49 pupils from the low risk and high risk schools, respectively, were studied. The study was approved by the hospital ethics committee and both parents or guardians, and pupils, gave informed consent. Heart rate was measured at rest, at 15 second intervals throughout exercise, and for 10 minutes in recovery with a heart rate microcomputer (Sport Tester, Polar Electro). The maximum heart rate recorded at the end of exercise was compared with the predicted maximum heart rate for age (220 -age).'9 The rate of recovery of heart rate for each pupil was assessed by calculating the time after exercise for the heart rate to return to half of the increase observed from rest to maximum.
On subsequent occasions, two 20 1il samples of capillary blood taken from the thumb were analysed for cholesterol and triglyceride concentrations with a Reflotron analyser (Boehringer). The coefficient of variation has been documented by the manufacturers as 3% for both cholesterol and triglyceride. A serum cholesterol of 5*2 mmol/l and serum triglyceride of 2-3 mmol/l were taken as the upper limits of normal.20 To assess the dietary habits of each group an investigator filled in a questionnaire recording the food consumption of each pupil over the previous 24 hours. A dietitian coded each diet into good, average, or poor using criteria recommended by the National Advisory Committee of Nutrition Education.2'
The unpaired Student's t test and the Wilcoxon rank sum test, when data were not normally distributed, were used to compare the discrete data between the pupils from each school. A one way analysis of variance was used when data were categorised by social class. All categorical data were analysed by the x2 test.
Results
Resting measurements were made and the questionnaire given to 42 of 45 (93%) and 46 of 49 (94%) of the fifth year boys from the low risk and high risk schools, respectively. Two of the three pupils from the low risk school who did not participate in the study had been refused parental consent, and one was absent for medical reasons. Three pupils from the high risk school were absent from school for the study period for non-medical reasons (Borstal and truancy). Table 1 shows the physical characteristics and resting blood pressure of each group. The pupils in the high risk school were significantly shorter (95% confidence interval (CI): 0 01 to 5 9 cm) and had a higher percentage of body fat (95% CI: 0*4 to 4 0%) than the pupils in the low risk school. Two of 42 pupils in the low risk school (5%) and four of 46 pupils in the high risk school (9%) had more than 20% body fat, and by our definition were obese. The body mass index was not significantly different between schools. There were, however, three of 46 pupils from the high risk school (6-5%) with a body mass index greater than 27 kg/M2, whereas no pupils from the low risk school had body mass indexes in the obese range. The pupils in the low risk school, however, had a significantly higher mean resting systolic blood pressure (95% CI: 0 5 to 11i5 mm Hg). In the low risk school the mean blood pressure was significantly raised in eight of 42 pupils (19%) with four pupils having a high systolic, and four pupils having a high diastolic, pressure. Five of 46 pupils (11%) from the high risk school were Table 2 shows the smoking habits of the pupils. In the high risk school more pupils were current smokers or had given up, and significantly fewer pupils had never smoked. Of the professed non-smokers, no pupil had an exhaled carbon monoxide concentration above 6 ppm, thus verifying their smoking history.
The pupils degrees of activity showed that 16 of 42 (38%), and 14 of 46 (30%) pupils from the low and high risk schools, respectively, were doing effective aerobic exercise at least three times a week (category I). Twelve of 42 pupils from the low risk school (29%) and 11 (18) shuttles) and therefore in the estimated maximum oxygen uptake (low: 47 5 (5 6) compared with high: 46 5 (5 0) ml/kg/min) of the fifth year boys. There was a wide range in the maximum oxygen uptake in both schools, however, with 12 of 38 pupils from the low risk school (32%) and 11 of 35 pupils from the high risk school (31%) having a maximum oxygen uptake less than 45 ml/kg/min (fig 1) . The average heart rates at rest, during exercise, and during recovery are shown in fig 2. The maximum heart rates of 200 (7) Figure 2 The mean (SD) heart rate at rest, during exercise, and during recovery for thefifth year boysfrom the low and high risk schools. classified as poor, compared with only six of 37' (16%) pupils from the low risk school (p<O-OO1). Table 3 summarises the incidence of risk factors. The primary risk factor with the highest prevalence was smoking, with a higher percentage of smokers in the high risk school. The secondary risk factors of inactivity and a maximum oxygen uptake of <45 ml/kg/min were common in both schools, with a higher percentage of the pupils in the high risk school classified as physically inactive.
Not surprisingly there were large social class differences between the pupils from the schools as determined from their father's occupation (table 4) . Pupils from both schools were placed into one of three social class categories; 1=non-manual workers (I, II, and IIIN); 2=manual workers (IIIM, IV, and V); and 3=others (unemployed, and pupils living with their mother). There were no significant differences in measurements analysed for social class, although there was a trend towards shorter stature, increased body fat, lower systolic blood pressure and lower maximum oxygen uptake in pupils with fathers in lower social classes (table 5). All pupils in social class category 3, however, were from the high risk school and all but four of the pupils from social class category 1 were from the low risk school. Therefore pupils from social class category 2 (manual workers-IIIM, IV, and V) in the two schools were compared. The pupils from the high risk school were shorter (low: 1-73 (005) compared with high: [-71 (0-07) m), fatter (low: 11-8 (4-5) compared with high: 13-9 (5-0) % body fat), more inactive (low: 39% compared with high: 52% with activity category III), and there were Table S Social class differences in risk factors for coronary heart disease amongfifthyear pupils from both schools combined. 33%). These differences were not significant.
Discussion
We have documented the prevalence of primary and secondary risk factors for coronary heart disease in fifth year boys from two contrasting localities within a community that have a fourfold difference in mortality from coronary heart disease in adults aged 50 and over. The findings showed that there is an increased prevalence of a number of risk factors for coronary heart disease in schoolboys from the area with the higher adult death rate from coronary heart disease.
Smoking was the most prevalent of the primary risk factors in both schools, and there was a higher percentage of smokers in the high risk school. The high prevalence of smoking is relevant because the risk of coronary heart disease is proportional to the duration of smoking, and is highest in those who start before the age of 20 years. 22 Furthermore a recent study has found that the protective high density lipoprotein cholesterol is reduced in children after taking up smoking,23 and thus may be contributing to the development of another risk factor for coronary heart disease.
A cholesterol concentration above 5-2 mmol/l in adults carries an increased risk of coronary artery disease.20 In our study, only one pupil (from the high risk school) had a blood cholesterol concentration above this, a finding that compares favourably with that in a group of 700 adolescents among which 9% had cholesterol concentrations above 5 2 mmol/1.24 The measurement of total serum cholesterol may be too simplistic,25 however, and estimation of high and low density lipoprotein subfractions of cholesterol might have shown differences among the pupils. Furthermore, the dietary survey showed that children from the high risk school had much poorer eating habits, which if continued into adult life would be expected to have an adverse effect on cholesterol concentrations.
The mean systolic blood pressure was higher in the low risk pupils, which does not reflect the differences in adult mortality from coronary heart disease within the community. The reasons for this are not clear. Nevertheless, five pupils (11%) from the high risk school and eight pupils (19%) from the low risk school were hypertensive, although this diagnosis was based on a single measurement of blood pressure, which may have been unreliable. The prevalence of hypertension in our study was, however, similar to that in a group of 14-18 year olds in which 17% were hypertensive. 26 The pupils from the high risk school were significantly shorter, which is not unexpected in view of the social class differences, but constitutes a further risk factor for coronary heart disease. 27 The boys from the high risk school also had a significantly higher mean percentage of body fat, which may be attributed to their different dietary habits. The prevalence of obesity, defined as greater than 20% body fat, was higher in the schoolboys from the high risk school (9%) compared with the pupils from the low risk school (5%). Although the relevance of obesity as a secondary risk factor in heart disease for children is not well documented, studies suggest that 70% to 80% of obese children develop into obese adults, and therefore take this risk factor into adult life. 28 Poor physical fitness has been shown to be associated with an increased risk of coronary heart disease.5 6The performance on the shuttle running test and the estimated maximum oxygen uptake of the fifth year boys were not significantly different between the two schools, and was slightly inferior to that of 23 Irish schoolboys aged 15-16 years, who achieved 82
shuttles.29 About a third of the boys from both schools had a maximum oxygen uptake of less than 45 ml/kg/min, which is similar to the prevalence of this putative risk factor of 35% of the 308 boys aged 13-15 years quoted by Wilmore et al. '8 The maximum oxygen uptake has got, however, a large inherited component. A further assessment of cardiovascular fitness was therefore made by measuring the recovery of heart rate after exercise, which also showed no significant difference between the pupils from the two schools. The results from the exercise test may, however, be biased by the higher number of boys in the high risk school who refused to take the exercise test. Baseline investigations showed that this group of boys were fatter, less active, and more were smokers.
Inactivity is associated with an increased risk of coronary heart disease.7 In this study, the amount of activity undertaken by each pupil was assessed by documenting each pupil's participation in sports, because daily activities are unlikely to raise the heart rate sufficiently to incur a training effect.30 Almost half the pupils from the high risk school and a third of the pupils from the low risk school were classified as inactive, not performing vigorous exercise even once a week. Furthermore, pupils from the high risk school watched more television, were less willing to perform the exercise test, and were more reluctant to increase the amount of activity they undertook. This negative attitude towards exercise among the pupils from the school within the area of higher adult mortality from coronary heart disease suggests that lower degrees of activity may persist into adult life, possibly leading to reduced physical fitness.
The areas from which the schools were chosen show a large difference in their degree of underprivilege, as defined by Jarman, 31 although Solihull as a whole was one of the most privileged family practitioner committee areas in the UK in 1985 (97th out of 98). This disparity between the two areas within Solihull was reflected by the higher unemployment, more one parent families, and lower social class of fathers of the pupils from the high risk school, which suggests that the schools were representative of their areas. Social class is a strong predictor of coronary heart disease.32 Adults from the lower social classes have higher rates of smoking, more obesity, and are less physically active,33 which reflects the differences in risk factors found in our study of children. There was a trend, however, for an increase in risk factors for coronary heart disease in pupils from the same social class from the high risk school compared with the low risk school, perhaps suggesting a further environmental influence that was not accounted for by social class.
What are the interventional implications of these findings? Current studies in adults have shown little benefit of intervention on the mortality rates from coronary heart disease.34 Behaviour and attitudes that lead to an increase in the risk of coronary heart disease seem to develop in childhood, and intervention in adults may well be too late to effect change. In order to reduce the overall incidence of adult coronary heart disease more effectively, it may be wise to concentrate on the reduction of risk factors among schoolchildren, paying special attention to those in regions of higher adult mortality. The prevention of smoking is of paramount importance in reducing the incidence of coronary heart disease. In addition, the higher prevalence of obesity and poor diet among the pupils from the school in the high risk area suggests that there is a place for dietary education for both children and parents. Exercise will not only improve physical fitness but can also favourably modify the cardiovascular risk profile by reducing cholesterol and blood pressure,35 improving the high density: low density lipoprotein cholesterol ratios,36 and preventing obesity.37 The amounts of activity undertaken by the schoolchildren in our study are too low to obtain these benefits, and therefore they should be increased and then continued throughout life if protection from coronary heart disease is to be maintained.38
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